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The perfermance degradation res,•iting from the wearing of
individual protesctive equipment (IPE) is a concern to military
commanders. Responding to this concern a series of field trials
vere implemented in an attempt to quantify the IPE effect. Main-
tenance tasks are considered to be particularly difficult to
perform while wearing protective equipment. This difficulty is
believed to be exasperated by elevated temperatures. To evaluate
_this situation and provide a qtpantitative estimate ot the degra-,
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-: dation, six maintenance tasks were performed in a field environ-
ment during summer temperatures (75-85 0 F) and humidity (58-88%
RH). The tasks included: remove and replace: M60A3 powerpack,
M60A3 transmission, M109 Breech Block; and repair: M60 Machine
gun and M901 ITV traverse mechanism. These operations were perfo-
rmed by several teams who alternated starts while wearing the
standard battle dress uniform (BDU) and the MOPPIV ensemble.
Individuals were highly motivated, in high physical readiness and
psychologically prepared for the operation.\

Data were analyzed using standard statistical procedures. A
correction factor was defined as that value by which the time to
complete a procedure in BDU should be multiplied to provide the
time required to complete the task while wearing IPE. These
factors for the maintenance tasks are:

Correction Factors for Wearing MOPPIV
Task I Factorl Probable Rangel

M60A3 Power Pack
Remo*e 1.0# 1 ;0.8-1.2 I

Replace 1.1 1.0-1.2

M60A3 Transmission
Remove 1.7 1.3-2.1
Replace 1.2 1.0-1.3

M109 Breech Block
Remove 1.4 0.7-2.1

Replace 2.2 a

M60 Machine Gun
Barrel Group 1.0# 1.0-1.1
Trigger Group 1.0w 0.7-1.4

M901 Traverse Mechanismi
Remove 1.7 I 0.7-2.7
Replace 1.9 i 1.6-2.4

Recover M60A3 i1.1* 0.9-1.3
IProbably not degraded
*Without boots
a = insufficient data for calculation %I

It was confirmed that the first time effep t, experience gained
through repetiticn, is comparable in magnitude to the IPE
effect. This indicates that training improves personnel
performance while wearing this equipment.\-•The protective
overboot remains a hazard in operations where mud is
encountered and should be redesigned to improve its
performance. Correction factors should be used as a guide for
performing tasks in the field. It should be noted, however,
that these values do not reflect performance under continuous
operations where other factors, such as fatigue, may influence
performance. <.

UNCLA•Sfl". . 'S. . ... . . . . . .. .. .. .. .
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I. INTRODUCTION

1. Background

Troop performance degradation due to chemical protective
equipment has been of increasing concern to military commanders.
This protective equipment is worn in one of four configurations
referred to as mission oriented protective posture (MOPP) levels.
The highest protective level, MOPPIV, in which all equipment is
worn and sealed, is also the most bulky, cumbersome and restric-
tive mode. Personnel are protected at the expense of this encum-
brance - a circumstance which results from impeded physiological
functions such as: vision, hearing, speaking, manual dexterity
and others. This encumbrance produces degradation in the form of

K (usually) increased time to complete taeks and in some cases
reduced accuracy. For the purposes of this evaluation time to
complete a task was the only factor used in determining personnel
degradation due to wearing MOPPIV. To quai.t.ify this degradation
for the commander's use, in simulations, war gaming and other
studies of unit effectiveness and combat readiness, field studies
are necessary.

This evaluation was performed in response to a requirement
0O submitted to the Dugway Proving Ground (DPG) administered Chemi-

cal Biological Joint Contract Point and Test Program, referred to
'A as DO-49, to conduct an evaluation to determine the effect of

MOPPIV on personnel performing military tasks. Presently, the
program includes several specific operational areas with addi-
tional emphases on operations during cold, moderate and hot tem-
peratures. The Ballistic Research Laboratory (BRL) was con-
tracted to make an evaluation of the performance decrement.

A concern in interpreting field data is the need to quantify
zhe degradation. It is not unusual to find subjective judgements
made on the effect protective equipment has on individual perfor-
mance. One purpose of this evaluation is to provide a numerical
estimate of the performance decrement resulting from wearing
individual protective equipment.

This report presents the results of selected maintenance
operations conducted at Aberdeen Proving Ground (APG), Marylandin July and August 1985 under summer temperatures (75-85 F). A
summary of the temperature and relative humility 's included in
Appendix A. Trials were performed by soldiers of the Stvdent
Brigade of the U.S. Ordnance Center and School, APG. Two sub-
contractors, Lockheed Engineering and Mangement Service Company
and thr. Human Engineering Laboratory (HEL) assiqted in collecting
the data and providing videotape coverage of all trials. Trials
were performed during the daylight hLars. Teams remained in MOP-
PIV without relief for each trial. Several tasks were performed
(Table 1).
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TABLE 1. Maintenance Operations

Task

Remove/Replace M60A3 Power Pack

Remove/Replace M60A3 Transmission

Remove/Replace M109 Breech Block

Recover M60A3 Tank

M60 Machine Gun Repair

M901 ITV Traverse Mechanism Repairl

2. Objective

The primary objective of this evaluation was to monitor the
operational capabilities and to quantify the performance degrada-
tion of personnel dressed in MOPPIV performing selected mainte-
nance tasks.

II. APPROACH

1. Overview

The measure of personnel performance degradation for each
task was the time difference between performing the task in bat-
tle dress uniform (BDU) and MOPPIV. For these trials there were
five teams for each task. A trained military observer (Senior
NCO) timed each task performance and rated the overall operation.
The tasks were measured in real time and recorded on a data sheet
carried by the observer.

Individuals had been trained in the appropriate military
operational speciality (MOS) and were highly motivated. Teams
did not have prior experience working together. Further, the
teams did not have prior practice before completing the first
trial of this series of tasks. Teams were familiar with chemical
protective equipment, but received no special prior instruction
in the wearing or completing the above tasks in MOPPIV.

Since these tests were repetitive, individuals gained
experience as they progressed through the trials. In an effort
to control and later estimate the experience effect, the order of
start was recorded; i.e., whether a t1,m was in BDU or MOPPIV the
first time it performed a trial. For the purposes of this
analysis, all references to "first time effect" pertain to the
first trial for each team.
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For each trial, the task compietion time, the protective
profile (BDU/MOPP), and the trial order were recorded.

Individual core body temperature, skin temperature and heart
beat were monitored continually and recorded every two minutes
during each task.

A multiple linear regression technique, explained in Appen-
dix B, was used to estimate the effect of the chemical protective
equipmint and practice on the time to complete the various
tasks.

2. Trial Description

The trials were designed to collect performance data on
maintenance teams conducting a maintenance mission consisting of
repairing various systems. These systems included the power pack
and transmission from a M60A3 Tank, a M901 traverse mechanism, a
M60MG, and the breech block on the M109.

a. Remove/Replace M60A3 Power Pack. A four-man crew per-
formed this task. These crewmen were systems mechanics MOS

* 63N/63H. Each teaia performed once in BDU and once in MOPPIV.
There 'as a one hour break between trials. A fifteen minute
break, in which the team stayed in uniform, was taken between
removing and replacing the power pack (Table 2).

TABLE 2. M60A3 Power Pack

O Event operation

v1nt Cover

2 I Turret Connections
S3 Accessory Connections1

4I i Power Pack

b. Remove/Replace M60A3 Transmission. This was a two-man
task, the crea consisted of one experienced and one student
member trained in MOS 63H. The transmission was separated from
the power pack and then replaced (Table 3). Each team completed

1. C.H. Wick, J.T. Klopcic, " Maintenance Operations in Mission
Oriented Protective Posture Level IV (MOPPIV)." Draft DPG
Report 1985.
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the task once in BDU and once in MOPPIV except team 4 which per-
formed the task once in BDU and twice in MOPPIV. A fifteen
minute break was given between separating and rejoining the
transmission; the crewmen did not remove the MOPPIV equipment
during this break. An bour break was taken between BDU and MOP-
PIV operations.

TABLE 3. M60A3 Transmission

Eventl Operation
S1 1 Shroud

21 Accessories

I 3 1 Mounting BoltsII II
1 4 Transmission

c. Remove/Replace M109 Breech Block. The crew consisted of
two personnel, one experienced and one student, both trained as
artillery repairmen, MOS 45L/45K. Each team performed the task
(Table 4) four to eight times, depending upon the weather and the
time to accomplish the task by individual teams. The task was
conducted in two phases, remove the breech block and replace it
with no break between phases.

TABLE 4. M109 Breech Block

I Eventl Operation I_ _ _ _ _ _ _ _ _

I 1 f Damper 1
1 2 1 Firing Mechanism1

I _3 Breech Block

* d. Recover M60A3 Tank. A disabled M60A3 tank was recovered
by a four-man team utilizing an M88 recovery vehicle (Table 5).
The team consisted of students trained as automotive repairmen
MOS 63H/63N. The protective overboot, a potential hazard to the
wearer due to the deep mud at the test site, was deleted as part
of the MOPPIV gear after trial M-3.

4



TABLE 5. M60AJ Tank Recovery

Zventt Operation

1 1 Attach Tow Bar

2 Open Grill Doors and Remove Heat Shields

I 3 I Disconnect Final DrivesI I
4 Secure Gri±l Doors and Replace Heat Shield

e. Repair M60 Mahine Gun. This was a one-man task simu-
lating the field repair of the M60 Machine gun (Table 7). Per-
sonnsl were trained in small weapon repair, MOS 45K, and per-
formed thi3 task in a tent located in a field.

TABLE 6. M60 Machine Gun

I Eventl Operation I
I I _ _ _ _ _ I

I7VT 3arrel Group I
2 Trigger Assembly1

f. Repair M901 ITV Traverse Mechanism. A one man task with
personnel trained in MOS 45K disassembled and assembled a
traverse, mechanism (Table 8). The task was performed on a work-
bench in a tent located in a field.

TABLE 7. M901 ITV Traverse Mechanism

Eventl Operation

SI 1 1 Outer Gear and Snap Ringl

S2 Gear Assembly

3. Trial Matrix and Questionnaire

a. Trial Matrix. The order of start was recorded to assist
in determining the effect of training on performing the various
tasks. The trial matrix indicating the day, the team, and the
uniform worn was maintained. The uniform worn for the first time
is indicated by an "*." Where possible the uniform worn was
alternated between BDU and MOPPIV.
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b. Survey. At the conclusion cf a MOPPIV trial, individu-
als were asked to complete a questionnaire. Each was asked to
rate the perceived difficultie3 encountered while wearing the
mask, boot, and overgarment. The items tn be rated are given inTable 7, Ratings were determined by checking one of four boxes:

none, m:_nor, average, and major. Each box later received a numer-
ical weight of 0, 5, 10 and 15, respectively, for furtheranalysis.

TABLE 8. Participant Questionnaire

INumberl Situation

1 Mask-Vision Hampered

2 Mask-Perspiration Buildup I
3 Mask-Breathing Difficultiesi

4 Mask-Voice Communication
5 Boots-Movement Difficultiesi

6 Boots-Slipping

7 Gloves-Operating Equipment

8 Gloves-Performing Tasks
9 Overgarment-Bulkiness

10 Overcap-ment-Heat Buildup

4. Aggregated Events

Some tasks can be considered together or grouped as the
result of similar physical functions. Tasks which are generally
gross motor skills can be considered as variations of a single
task, likewise tasks composed generally of fine motor skills.
Grouping the data in this manner provided a basis for estimating
the difference between these types of tasks. A MOPPIV correction
factor can then be estimated for each group. Task groupings are
given in Table 9.

TABLE 9. Task Grouping for Analysis

Gross Motor Skills I Fine Motor Skills
I I Remove II Replace 1 III Remove1  IV Replacel
I Power Pack Power Pack I Traverse Traverse I
I Transmissioni Transmissionl M60 MG M60 MG
M109 I M109 J _ __ _

6



III. RESULTS/DISCUSSION

The following tables (Tables 10 to 15) are the actual times
for performing the major subdivisions of each task. Typically,
this includes the removal and replacement times except in the
recovery and M60 machine gun operations where this divi*sion was
not apprcpriate. Where a team was able to accomplish a rask more
than once, multiple numbers are given. Both BDU and MOPPIV times
are indicated. Details by event are provided in Appendix B.

TABLE 10. Remove/Replace M60A3 Power Pack

I I Total Time Minutes

Team BDU MOPPIV

Removel Replace, Removel ReplacelIIi I
1 60.3* 75.4 28.0 64.0
2 57.3* i 89.4 42.6 aS3 27. I
3I 27.8 66.7 49.8* 86.1
4 17.5 I 49.1 40.0* 85.4
5 50.7*I 73.9 35.0 54.4

* = First time -
a = No data

TABLE 11. Remove/Replace M60A3 Transmission

Total Time Minutes
Team BDU MOPPIV

__ RemoveI Replace Removel Replacel

1 a a 316.0* 68.0

- 2 48.6* 48.6 64.2 40.6

I3 26.3 33.0 54.5* 47.6
I18.4 28.4

I4 36.6* 44.9 36.8 48.3

5 19.7 29.1 29.3*" 37.3
S* = First time

7



TABLE 12. Remove/Replace M109 Breech Block

I Total Time Minutes,.

Team BDU MOPPIV i

Remove I Replace RemoveI Replace!

1 22.0* a 11.2 9.8

2 4.0 4.0 20.9* 14.2

3 a a a 4.9

4 3.3 3.3 I0.i* 28.03.0 9.0 I

5 11.52 8.7 6.6 8.4
I4.1 1. 5

*= First time

a = No data

S~TABLE 13. Recovery of a M60A3 Tank

ITotal Time, Minutes I

ITeam BDU MOPPIVI

1 25.7"*1 12.7 i
18.2

2 8 8 18.49
5_6 17.1

3 116.7"1 16.2

4 9.5 15.6"
8.2

5 18.9*j 7.9
12.51

S= First time

8



TABLE 14. Repair M60 Machine Gun

i I Total Time, Minutes

Team BDU i MOPPIV

_ IBarrell Triggerl Barrell Triggerl

1 18.8* 4.1* 4.6 4.4
6.6 3.8 9.1 4.2
4.4 2.2 4.5 3.4

2 4.7 2.8 9.0* 5.0*
2.9 2.2 3.0 5.3
2.5 2.0 3.8 2.1

2.6 2.7

3 4.9* 4.0* 4.1 2.9
2.8 2.4
3.1 1.5

4 2.4 2.4 4.9* 5.6*
2.4 1.8 3.7 4.0

I6.4* 19.1* 4.8 5.6
5.6 10.0

* = First time

TABLE 15. M901 ITV Traverse Mechanism

Total Time, Minutes
Team BDU IMOPPIV

Disassemblyi Reassembly DisassemblyI Reassemblyl
I I

1 42.0* 33.0* 30.0 55.0

2 9.0 12.0 58.0* 41.0*

3 25.0* 26.0* a 35.0Sa 24.0

4 6.0 12.0 11.0* 35.0*

5 34.0* 30.0* a 22.0

*=Flrst time -

a = No data

9



IV. DATA ANALYSIS/DISCUSSION

A regression analysis was used to analyze the data. This
technique is explained and an example provided in Appendix D.
This section presents regression analyses for each task performed
during the several maintenance tasks. in addition, the question-
naire responses are presented and discussed.

1. Analysis

The regression technique provided two values for calculating
a correction factor (CF) and a probable range; i.e., T which is
the practiced unencumbered term and a, the uniform c 8 rrection.
An additional value b is given which represents the first time
correction. The b value was determined simply t,. remove this
effect from the correction factor calculation. The results of
these analyses are given in Table 16. The MOPPIV decjradation for
any particular task is defined as T /(T + a). The MOPPIV
correction factor is the inverse of this ?erm and is used to mul-
tiply the time to complete a task while wearing BDUs to give an
estimate of the time to complete the task while wearing MOPPIV. A
negative a or b indicates that a task was completed in less time
by a team wearing MOPPIV or by a less experienced team, respec-
tively. Generally, such results are attributed to non-correotable
inconsistencies in some team's performance for that task.

2. Regression Results for all Tasks

a. M60A3 Power Pack. Replacing the power pack required 10%
more time when wearing MOPPIV than wearing BDU. Other events dur-
ing this operation ranged from no correction to 1.9; the removal
and replacement corrections being relatively equal.

b. M60A3 Transmission. MOPPIV corrections of 1.1 and 1.5
exist for the events of removing and replacing the shroud,
respectively. The difference between these events appears to be
attributable to replacing the bolts on the shroud where extra
time was required aligning and replacing these bolts. It is
interesting to note that the larger mounting bolts were exactly
the opposite. To remove the movnting bolts required a CF of 2.1
and a CF of less than 1.0 to replace them. Evidently, replacing
srall bolts requires an extra etfort of first finding where the
bolt fits, then starting the ov.ration of threading. After the
bolt is started (that is the tightening phase is started) the
operation appears not to be affected. The larger mounting bolts
are, evidently, easier to grasp and start than the bolts of the
shroud. Other events in this task were not affected by the wear-
ing of MOPPIV, in fact, some events were performed in less time;
this observation is believed to represent a natural variation
between teams performing an operation not affected by wearing
MOPPIV.

10



TABLE 16. Regression Results by Task

Unencumbered Clothing First-Timel MOPPIV
TTerm Correction Correctioni Factor/ 1

Task
TO a b PR*

M60A3 Power
Pack

1.0
Remove 29.8 0.7±5.9 21.5±5.9

0.8-1.2

Replace 56.6 3.9±5.2 23.9±5.2 101.1
1 1.0-1.21

M60A3
Transnission

1.7Remove 24.8 16.7±10.2 5.4±10.2 1.3-2.11
1.2 3

Replace 31.1 4.8±4,7 9.8±4.7 .0.1.0-1.3

M109 Breech
Block

1.4Disassembly 4.2 1.8±2.9 10.4±2.9 .1

Reassemly 4.5 5.6±3.5 8.7±3.7

M60 MG

1.0Barrel Gp 4.1 0.1±1.2 4.4±1.4

1.0Trigger Gp 3.6 0.1±1.3 3.7±1.5 0.7-1.4

1 M901 Traverse
Mechanism j I:7

Disassembly 12.1 8.6±12.5 18.4±12.5 1.71
1 1,

Reassembly 16.3 15.5±6.5 10.5±6.5 1 1.6-2.41

11.6-2.1.1!

Recover 1460A3 11.3 0.9±2.3 7.4±2.4 0.9-1.31

* PR = Probable rangea=Insufficient data for calculation
RPegression results by each event are in Appendix B.
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c. M209 Breech lock. The MOPPIV correction factors, for
the six events in this task, ranged from less than 1.0 to 3.4.
Removing the breech was the mrst difficult taking 3.4 times
longer in MOPPIV than in BDU. Replacing the breech had a CF of
1.6. Replacement requires both gross motor activity and some
judgements made as the resitlt of near vision and fine motor
skills. The breech must be installed according to timing marks
which determine if the breech vil] lock and operate correctly.
Setting the breech in place and alignment with these marks are
considered the source for the increased correction factor. Gen-
erally, no difference was observed between removal and replace-
ment events except the replacement of the breech itself; remain-
ing events required a CF of 0.6 to 1.6 whiile wearing MOPPIV.

d. Recover M60A3 Tank. With CFs ranging from 0.8 to 0.9,
disconnecting the final drives, opening the grill doors, and
re:*oving the beat shield were the least :-ffected recovery events
while personnel were in MOPPIV. A correction factor of 1.1
applied to all other events. As discussed earlier, the protec-
tive overboot was not worn during the fourth and fifth trials
because of the potential mud hazard. During trials 1 and 2 the
ground was relatively dry with little mud. Tnh tank was
recovered in this condition. Following rain the second day and
the increase in the churning-up of the ground by the veh.cles, it
was evident that the boots were becoming a safety hazard. As a
result, the boots were not worn because of this concern. It is
thought that the recovery operation could be completed if some
attention was given to improving th4. fastening of the boots to
the soldier. Specifically, if the mud and water entry into the
boot was restricted by a better seal on the top, and better fit
of the boot it was thought that the boot cculd be worn. It was
the general 7onsensus that this was the result of the vacuum
created by the sucking action of the mud that pulled the boot of,
as the soldiers moved about. It should be noted that the gloves
were puller' off the soldiers as they worked about the tow bar.
Each case, however, the soldier was able to replace the glove in
an appropriate manner to minimize possible contamination.

The alignment of the hitch with the tow bar was difficult.
No flexibility is permitted during this operation, the driver of
the M88 recovery vehicle must line-up the hitch exactly with the
tow bar. Disconnecting the final drives can be completed quickly
in either uniform depending upon how tight the drive was and the
position from which the disconnection is initiated. As a result
the task can vary from trial to trial. This variation may
account for, in part, why a team wearing MOPPIV can complete this
event in less time than a team wearing BDU.

e. M60 Machine Gun. The barrel group required 1.2 and 1.5
times longer to remove and replace while wearing MOPPIV than
wearing BDU. It was observed that this operation was completed
with little observed difficulty other than the increase in time
required to complete the procedure. Removing/disassembling and
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reassembling/replacing the trigger assembly had CFs of 1.3 and
1.0, respectively. It should be noted, however, t' the time
required to complete these events was usually le-; than 5.0
minutes.

f. M901 Traverse Mechanism. Disassembling the traverse
mechanism in MOPPIV took three times as long to complete while
wearing MOPPIV. It took 1.3 times longer to reassemble the gears
and more than 2.6 times as long to replace the outer gear, the
snap rings and bevel washer. The gear assembly required that the
mechanism be aligned to timing marks necessary for proper func-
tion. This alignment was completed correctly by all teams. The
correction factors observed represent the difference betw jn com-
plex disassembly and reassembly operations.

3. Aggregating Results

Combining events requiring similar physiological functions
for task performance allows several general comments about types
of tasks. Such aggregations are important in relating
individual-quantified tasks to indirectly measured operational
concepts such as "movement to the line." Aggregations: as the
data becomes available, may be divided into such general areas as
arming, maintaining, and fueling a system, such as a tank or air-
craft.

In these analyses, tasks were grouped into "gross" arid "fine
motor functions." Gross motor is defined as those tasks requir-
ing the use of predominantly large muscles, arms, legs, and gen-
eral whole body movements such as walking, running, etc. Fine
motor functions may include finger dexterity, tactile finger
skills, and tasks with precision finger movement.

The division of the gross and fine motor functions into
removal and replacement tasks provides a further refinement of
the types of tasks to be considered. Removal tasks have typi-
cally been considered to be easier to perform than replacement
tasks. This concept is illustrated in Table 17, where the
correction factors for replacement events are greater in both the
gross and fine motor functions categories although the correc-
tions for gross motor functional tasks are nearly the same. It
is thought that manual dexterity and close courdination between
hand and eye movements may have been the predominate reason for
this observation.

4. General Discussion

Teams required more time to replace equipment than to remove
it while wearing MOPPIV. With prior experience, the teams
required less time to perform the tasks. In this instance, the
practice obtained by completing an event once was enough to
improve the time for completing ths event a second time. If the
event was completed in BDUs first, the time to complete the event

13



TABLE 17. Grouped MOPPIV Effect

Gross Motor Functions Fine Motor Functions I
I Remove II Replace III Remove, IV Replacel

Power Pack Power Pack I Traverse Traverse I
Transmission1  Transmissionl M60 MG M60 MG I
1M109 1M109 1
CF= 1.2 I 1.3 1.8 2.4

PR= 1.0-1.5 1.1-1.6 1.5-2.0 !.8-3.0 I

CF= Correction factor
PR= Probable range _

while wearing MOPPIV would be affected; likewise, if the event
was first completed in MOPPIV, the time to complete the event
wearing BDU would be affected. This first time effect can con-
fuse the interpretation of the data since subsequent times are
often less.

The difference between the correction factors for removal
and replacement events may be influenced by other factors. One
such factor is the observation that the replacement tasks
apparently require more concentration than removal tasks.. Fine
motor functions evidently arc luore difficult to improve while
wearing MOPPIV (bolt holes require alignment, the bolts require
starting, attachments and connectors require positioning and
alignment) but can be learned from a prior experience. Another
consideration in making these analyses is that replacement events
always followed the removal events. As a result, a team's
replacement task performance benefited from having participated
in removal task. A team should gain a portion of experience for
each task in this manner and the resulting performance degrada-
tion due to the first-time effect would be expected to be less
than that for the removal task. Pert~rmanc2 degradation due to
wearing MOPPIV, however, wculd be expected to be greater due to
the decrease in manual dexterity.

a. Survey Questions. Responses from each individual were
weighted by giving a numerical value to the response terms
accordingly: none = 0, minor = 5, average =1 10, and major = 15.
The average value was then used to estimate the level of per-
ceivad difficulty due to each factor. Survey results are given
in Figures 18-23. Two concerns among those questioned were the
preceived heat buildup in the overgarment and perspiration
buildup in the mask were primary concerts.

14



TABLE 18. Survey Results for M60A3 Power Pack

Teams Wearing MOPPIV
Team

_______ 5 __ Average 1Factor 1 2 3 4 I Aea

Mask/Vision 7.5 2.5 8. 8  6.3 xx 5.0

Mask/ I I I I I
"Water 11.31 10.0 13.8 7.5 xx 8.5
Build-up I I 8

I I II
IMask/ I 63I5 IMs/6.31 7.5 6.2 2.51 xx 4.5
Breathing I 2 I

jMask/ I II I IMao 2.51 2.51 2.51 0.0 xx! 1.5Com oI I I

IBoots/ I 50 38 6
movement 5.0 3.8 6.3 6.31 xxI 4.8

Boots/
Slipping 1.21 2.5! 6.31 6.31 xx 3.3

Gloves/' I I I I I
Operating 5.01 5.01 5.01 7.51 xxi 5.6
Equipment I I I I
Gloves/ I I I IGTasks 6.31 5.01 5.01 7.51 xxj 6.0

Overgarment/, I IxI I
IBulkiness 7.5!1 6.3 1 113 8.Ix .

Heat Bld-up~ 00 50 ~ .~x

Average 6.3 5.0 7.8 6.4 xx
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TABLE 19. Survey Results for M60A3 Transmission

Teams Wearing MOPPIV

Team
Factor 1 2 3 4 5 Average1

Mask/
Vision 15.0 0.0 2.51 2.5 2.5 4.5

Mask/
Water I 15.0 25 2.5 5.0 60
Build-up

'mask/Bathn7.5g 0 0 2.51 2.5 2.5 3.0Breathing

Mask/ 2.51 0.01 2.51 0.0 5.01 2.0Commo

Boots/ 0 0 2 2
Movement 0 . 2.51 2.51 0.0 1.0

Boots/II I
Slipping 7.51 0.01 5.01 0.01 0.01 2.5

Gloves/ I
Operating 12.51 5.01 5.01 2.51 7.51 6.5

Equipment

Gloves/ 12.5 5.0 5.0 5.0 7.51 7.0
Tasks

Overgarment/, 5 2
I5Bulkiness .0 2.5 0  2.50 5.0 3.0

Overgarment/I 15.0 5.0! 0.0j 12.5! 7 .5 8.4
Heat Bld-up _

Average 9.3 2.0 3.0 3.3 4.3
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TABLE 20. Survey Results for M109 Breech Block

Teams Wearing MOPPIV
I Team

Factor I 1 2 3 4 5 Average 1

Mask/ [
Masko 0.0 5.0 2.5 5.0 0.0 2.5

IVision 25

Mask/
Water 7.51 12.5 12.5 15.01 15.0 12.5" ~Build-up

Imask/I III1I
Breathing 5.0 I0.0 2.51 0.01 0.0 3.5

Mask/I IIII
0.01 2.51 0.0 0.0 2.51 1.0Commo

IBoots/ 0 51III5
Movement 5.0 7.5 7.5 0.0 2.5 1 4.5

Boots/ I I II I
Bs / 0.01 2.51 0.01 0.01 0.0! 0.5

Gloves/ I I i I I
Operating 0.0 5.0! 5.01 7.5 10.01 5.5
Equipment

Gloves/
Tasks 7.51 15.01 7.51 5.01 10.0! 9.0

Overgarment/ 7

Bulkiness 7.5 7.5 12.5! 2.5! 5.0 7.0

Overgarment/I i0.0 I0.0 5.01 i0.0 9.0
Heat Bld-up 10.01

I Average 4.3 7.8 6.0 3.5 5.5 I

1
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TABLE 21. Survey Results for Recovery of M60A3 Tank

Teams Wearing MOPPIV I
S aco Team

Factor I 1 2 3 4 5 Average1

Mask/ I.vision.3 5.0 3.8 10.01 2.5 4.5

Mask/ '
Water 6.3 12.5 12.5 51.3 15.0 11.5
Build-up

Mask/ 13 63Breathing 1 6 7.51 13.81 10.0 7.8

1Mask/ I III
Comao 2.51 2.51 6.31 10.01 8.81 6.0

1 1 1 1
Boots/ 25 2 I I I I
Movement 2 2.5 a a a

Boots/ I I I a

Slipping 0.01 1.31 11.31 a a a

IGloves/
Operating 1.31 5.01 8.81 2.51 7.51 5.0
Equipment

1Gloves/ I I I I
Tasks 1 2.51 6.31 10.01 2.51 8.81 6.0

Overgarment/, I0 1 1 1 1
Bulkiness 0.0 10.0 8.8 5.01 11.3 7.0

Overgrment I 1
Overgarment/I 5.01 13.81 13.81 13.81 15.01 12.3
Heat Bld-up

jAverage 2.3 6.5 9.4 8.6 9.9
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TABLE 22. Survey Results for M60 Machine Gui

______ TeamsWearingMOPPIV ____

" I Team
Factor 1 2 3 4 Averagel

Mask/
Vision 0.0 10.C 2.5 0.0 3.8

Mask/ i
" Water 0.01 15.0 12.5 15.0 10.0

Build-up 0

Mask/ 0
Breathing 0.0 10.0 7.5 5.0 6.3

1Mask/ I I I
Commo 5.0 10.0! 0.0 0.0! 3.8

1 Boots/ 0.01  0 5.01 0.0! 2.5

I• Boots/
, Slipping 0.0! 0.0! 0.01 0.0! 0.0
Gloves/

Operating 1 5.0 5.0 1O.0I 10.0! 7.5
EquipmentGloves/

Tasks I 5.0! 5.0! 7.5 15.0! 8.1

Overgarment/, 0.01 10 0 1 5.01 5.0
Bulkiness I I I I I
Overgarment/I I 0. 8.8

Heat Bld-up 5.01 10.00 10.010 8

I Average 2.0 7.5 6.0 6.0
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TABLE 23. Survey Results for M901 ITV Traverse Mechanism

_Teams Wearing MOPPTV +
Team

Factor I 1 2 3 4 5 Averagel

Mrage/
Mask/ 5.0 5.0 5.0 0.0 0.0 3.0
Vision

Mask/
Water 5.0 1  5.0 15.0 5.0 i0.0 10.0
Build-up

Breahin 0.0 10.0 10.01 5.01 0.0 5.0'

Mask/ 5.0 1 .0 10.0 0.0 iIBoots/ I 5.01 0.01 5. 0. 5. 3.0
IMovement I 00 I

Boots/ 0.01 0.01 0.0 0.0 0.01 0.0Slipping

Gloves/Operating 5.01 10.01 15.01 10.0 15.01 11.0

Equipment

1Gloves/ I~Goe/5.01 12.51 15.01 10.01 15.01 11.5
Tasks

Overgarment/I 5.0 0.0 5 5 3.0
Bulkiness 5 . 5 5.01 0.01 .0

Overgarinent/ 15 i0 13.0
Heat Bld-up 15.0 15.01 10.01 15.01 10. 1

Average 4.5 6.8 9.0 5.0 6.5
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V. SUMMARY/CONCLUSIONS

J The degradation of personnel performance in MOPPIV for each
maintenance operation is summarized in Table 24. Event, were
weighted proportionally by the amount of time normally taken to
complete an event and summed over all events to give an overall
task performance degradation. The inverse of this degradation is
the MOPPIV correction factor. The estimated time to complete a
task while wearing MOPPIV can be obtained by multiplying the BDU
time by the factor.

TABLE 24. Correction Factors for MOPP IV.

Task Factorl Probable Range1

M60A3 Power Pack
Remove 1.0# 0.8-1.2
Replace 1.1 1.0-1.2

I M60A3 Transmission
Remove 1.7 1.3-2.1
Replace 1.2 1.0-1.3

M109 Breech Block
SRemove 1.4 0.7-2.1

Replace 2.2 a

M60 Machine Gun
Barrel Group 1.0# 1.0-1.1i
Trigger Group 1.0# 0.7-1.4

I M901 Traverse Mechanismi
Remove 1.7 0.7-2.7
Replace 1.9 1.6-2.4

I Recover M60A3 i1.1* 0,9-1.3

#Probably not degraded 1
*Without boots
a = insufficient data for calculation I

Other conclusions and observations based on the results of this
study are:

N Teams performing tasks while wearing MOPPIV demoiistrated
considerable ingenuity in overcoming difficulties.

marking poorly defined timing marks with chalk, accommodat-
ing the reduction in near vision while wearing the mask by
getting closer, differentiating between small parts by
improving the background contrast with light colored paper
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or other material and the pre-sorting of tools.

"U Fine motor performance is degraded to the same magnitude as
gross motor performance.

"* The protective overboot is a hazard in mud.

* Task simplification or modification to accommodate personnel
wearing MOPPIV should be examined and incorporated into the
training of troops in similar tasks.

"* Although all tasks were completed while wearing MOPPIV, the
tasks completed were short in duration. It was apparent
that extended operations could have been difficult. The
tasks completed in this study should be repeated utilizing a
data collection methodology for extended operations as con-ceived with the doctrine of continious operations.
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Climatic Conditions
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Daily Temperature and Relative Humidity Record

During the trials the temperature and relative humidity as
well as the general atmospheric condition were recorded at 30
minute intervals. The trials were conducted at Aberdeen Proving
Ground, Maryland during July and August 1985. The high, low and
average temperature and relative humidity are given in Table A-1.

TABLE A-i. Temperature - Relative Humidity Summary

Day Degrees Celsius % Relative Humidity I

High Low Average' High Low Average'
22 Jul 85 32 23 28 88 50 66

23 Jul 85 25 19 22 58 41 47
24 Jul 85 27 17 24 88 47 58

25 Jul 85 31 24 28 90 64 75
26 Jul 85 27 24 25 93 82 88

05 Aug 85 28 17 25 90 45 60
06 Aug 85 27 17 23 93 51 70

107 Aug 85 30 22 27 91 64 74
08 Aug 85 27 22 24 96 73 86

09 Aug 85 30 23 27 91 59 74

I0 Aug 85 29 23 27 91 57 71

1 Aug 851 30 23 27 96 68 80

12 Aug 85' 28 20 25 75 46 57

13 Aug 85 31 20 27 89 53 68

14 Aug 85 I 34 25 30 95 63 74

Average 1 29 21 26 J 88 58 70
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The performance time for each event in the several mainte-
nance tasks are included in this Appendix. A "B" represents BDU
and "M" represents MOPPIV. Events completed for the first time
are indicated by an "*" by the appropriate entry. The
corresponding tasks and tables are given in table B-i.

TABLE B-1. Field Data Tables

Task I Table

*Remove/Replace M60A3 Power Pack B-2, B-31

I*Remove/Replace M60A3 Transmission I B-4, B-51

*Remove/Replace M109 Breech Block B-6, B-71

*Recover M60A3 Tank B-8

*Remove/Repair M60 Machine Gun B-9

*Repair M901 ITV Traverse Mechanism' B-10

TABLE B-2. Remove M60A3 Power Pack

Performance Time, Minutes I
I Teami Event I Totall

I 11 21 3I 41 I
I 1-B*M 11.7 37.0 9 6 2.01 60.3

1 4.0. 7.0 7.01 28.0
1 I 1

2-B*1 15.3 12.0 23.0 7.0 57.3 1
2-M 13.91 6.7 18.0 4.01 42.6 1

13-B 8.2 5.0 10.0 4.6 27.8
3-M*1 15.8 5.0 23.0 6.01 49.8

4-B 1 3.51 4.0 8.0 2.01 17.5
I4-M* 16.0 4.0 170 3.0 40.0

5-B*I 13.6 19 1 15.0 3.01 50.7
5-M 9.31 11.71 11.0 3.01 35.0
a= No data 0
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TABLE B-3. Replace M60A3 Power Pack

I j Performance Time, Minutes T
1Teami __ Event ITotall, _ I iT 2 I 3 I 4T___I I

I l-B*j 1l.9j 13.01 40.91 9.61 75.4
1-Mj 8.01 7.0 36.0 13.01 64.0

2-B* 10.8I 17.01 53.0 8.61 89.4I 2-M I a a I a 6.5 1 a
S3-B 1 24.0 1 i0.0 28.0 4.7 66.7

I3-M*1 16.11 57.01 4. 9.0 1 86.1
14-B 1 8.21 13.0 1 22:00 5.91 49.1

4-M*I 16.9 7.0 50.0 Ii.5 85.4

III I IS5-B* 15.i 8 0 33.0 7.81 73.9
1 5-M 1 7.61 5.0 36.0 5.81 54.4

* a= No data

TABLE B-4. :)emove M60A3 Transmission

I I Perfo.-mance Time, Minutes 1
I Teaml Event II 1 _ 2 1 3 1 4 TotalI
I iI -1 I -
Sl-B* a a a a a I1-M 25.0 33.0'0 251.0 7.0 316

2-B* 4.4 19 22.9 1.4 48.61
S2-M 3.81 14.9i 44.1 1.41 64.2f
I I I II3-B 3.4 12.2 9.6 1.1 26.31
1 2.3 8.81 6.2 ll 18.41
I 3-M*l 3. 9.45 2 .88 2 8 54.51

4-B*I 3.3 17.2 1352 0 9 36.61
S4-M 1 3.71 14.99 l7,21 0:91 36.81

I I I I I I I
I 5-B 2.8 7.9 8 3 0.71 19.71

a= No data
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TABLE B-5. Replace M60A3 Transmission

I Performance Time, Minutes

I Teamil Event I Total I
SI I _2_ 3 I -4-1T
III I I

I-B a a a 1  a a a
I-M 6.8 16.31 22.61 2.91 68.0

I 2-B*I 6.81 16.3 22.6 2 9 48.6
1 2-M 1 8.1 16.81 14.01 1.71 40.6

13-B 6.61137 i .0 1.91 33.2 1

5. 4 1 12.7 8.81 1 11 28.4
S3-M* 8.61 19.41 17.1 251 47.6

I 4-B*l 8.01 17.7 18.3 0.91 44.9
4-M 13.3 20.3 13.8 0.91 48.3

5-B 5.3 14 0 9 1 0.7 29.1
5-M*1 8.8 17:91 9:01 1 .6  37.3

a = no data

TABLE B-6. Remove M109 Breech Block

Performance Time, Minutes I
I Team I Event Totalr

1 I 2 I 3 1 IItI I
I 1-B*1 13.6 3 . 4 i 5.01 22.0
I 1-M 5 .3  0.91 5.0 11.2

2-B 1.0 0.4 2 . 6 1 4.01
12-M* 3.7 0.51 16.71 20.9 1

S3-B* a a a a I
3-M a I- 2 5.7 a

4-B 0.51 0.4 2.41 3.3
14-M*l 1.9 0.4 7.81 10.1

5-B*I 4.3 0.8 61 4 II.5
5-M 2.9 0.5 3.21 6.6

2.31 0.51 1.71 4.5

a no data 1
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TABLE B-7. Replace M109 Breech Block

I I Performance Time, Minutes I

I Team Event _ Totall
1 ij 2 31

l-B*1 a i *7 ai
I1-M 47 35 1.61 9.8

2-B 1.8 2 .1 0.11 4.0
12-M* 12.6 0.1 1.51 14.2

S3-B* a a a a
3-M 0.6! 1.22 3.11 4.9

4-B 2.5 0.5 2.01 3.3
5.7 0.8 2.51 9.0

I 4-M*I 3.0! 15.00 10.01 28.0

1 5-B*I 4.01 2.7 2.01 8.7
15-M14 3.2 1 4 31 0.91 8.4
1 1 5.21 1:71 0. 61 7.5

a = no data
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TABLE B-S. Recovery of a M60A3 Tank

I 1 Performance Time, Minutes
I Teaml Event I TotalI
l _ I i 2 j 3 l 4l

1-B 10.4* 0 4* 13.9* 1.0*I 25.7
14.3 0.6 2.6 0.7 18.2

1-M 8.1 0.9 2.6 1.1 12.7

2-B 4.8 0.6 3.1 0.3 8.8
3.9 0.2 1.3 0.2 5.6

2-M 12.0* 0.5* 5.4* 0.5* 18.4
i10.1 11 5.1 0.8 17.1

3-B*l 6.7 0 5 9.3 0.2 16.7
3-M 10.1 0.9 4.2 1.0 16.2

4-B 3.1 3.8 2.3 0.3 9.5
5.6 0.4 1.9 0.3 8.2

1 4-M*l 9.5 0.5 5.2 0.4 15.6

5-B 13.8* 0.1* 4 9* 0.1*, 18.9
9.5 0.3 2.6 0.1 12.5

5-M 5.8 0.22 1.7 0.2 7.9

* first time
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ABLE B-9. Repair M60 Machine Gun

I I Performance Time, Minutes
Team Barrel Group Trigger Group

i Event Total' Event .otalIi i 2 f I T all
_ i I

I-1B 15.6*1 3.2*1 18..8 I 0 8*1 3.3*1 4.1
3.0 3.6 6.6 0.6 3.2 3.8
2.5 1.9 4.4 0.1 2.1 2.2

I-M 2.8 1.8 4.6 0.7 3.7 4.4
""I .2 5.9 9.1 0.4 3.8 4.2
2.5 2,0 4,5 0.4 3.0 3.4

2-B 2.8 1.9 4.7 0.5 2.3 2.8
2.0 0.9 2.9 0.4 1.8 2.2
1.5 1.0 2.5 0.3 1.7 2.0

2-M 3.0*1 6.0*! 9.0 3.3*1 1.7*1 5.0
1.5 1.5 3.0 2.9 2.4 5.3
2.4 1.,! 3.8 0.5 1.6 2.1

O I 1.7 0.9 2.6 0.6 2.1 2.7

I 3-B 2.7*! 2.2*! 4.9 0.8*! 3.2*! 4.0
I I,1.9 0.91 2.8 0.5 1.9 2.4
II 1.6 1.5 1 3.1 0.1 1.4 1.5

3-M 1.8 2.3 4.1 0.7 2.2 2.9

14-B 1.6 0.8 2.4 0.5 1.9 2.4
I ' 1.6 0.6 2.4 0.3 1.5 1.8

4-M 2.6*1 2.3*! 4.9 0.6*! 5.0*I 5.6
1.6 2.1! -37 0.6 3.4 4.0

5-B 3.3*! 3.1*! 6.4 70*! 12.1*! 19.1
3.2 2.4 5.6 I1.1I 8.9 I10.0

15-M 3.0 1.8 4.8 1.9 3.7 5.6

6-B 3.1* 4 4*1 7.5 3 1 334 6.4
1.9 2.5 4.4 I 0.5 3.8 4.3 I

I 6-M 3.4 4.A 8.1 1.3 5.9 7,2
• = First time
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TABLE B-10. Repair M901 ITV Traverse Mechanism

Performance Time, Minutes I
I Event

Team', Disassembly Reassembly I
I 1 2 TotalI 1 2 Totalt

1-B*l 13.01 29.01 42.0 19.01 14.0 33 0

1-M 8.01 22.01 30.0 1 4 4 . 0 11.0 55:0

2-B 2.0 7.0 9.0 7 . 0  5 .0 12.0
2-M*1 26.01 32.0 58.0 2 7 .0 14.0 41.0

3-B*j 10.01 15.01 25.0 13.I 13.0 26.0
3-M a 1 19.0 a 30.0 5 . 0  35.0

S1a 19.01 a 2.01 22.01 24.0

1 1 11 0
4-B 4 4.0 2.01 6.0 8.01 4 .01 120
4-M*I 7.01 4.01 11.0 26.01 9.0 35.0

1 1
5-B*I 8.0 26.01 34.0 12.01 18.01 30 0

5-M a I1.01 a 15.01 7.01 22:0
a = No data
* = First time
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The regression results by task and event are contained in
this appendLc. Tables include a/T , or fractional increase in
time due to MOPPIV for each event in 8ach task, and regression
coefficients and calculations by event for each task. Field
measurements are given in appendix A. The corresponding tables
and figures for each task are given in table C-1.

TABLE C-1. Tables for Regression Results

I I
Task Tables

N Remove/Replace M60A3 Power Pack C2-C3

I Remove/Replace M60A3 Transmission C4-C5

m Remove/Replace M109 Breech Block C6-C7

0 Recover M60A3 Tank C8-C9

I Remove/Repair M60 Machine Gun CI0-Cll

E Repair M901 ITV Traverse Mechan sm C12-C131

TABLE C-2. Remove/Replace M60A3 Power Pack

Event, Tasks
I Cover

2 Turret Connections

3 Accessory Connections

4 Remove Power Pack

* 5 Replace Deck

6 Replace Battery and Engine Accessories'

7 Replace Engine and Accessories

8 Replace Power Pack
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TABLE C-3. Remove/Replace M60 Power Pack, Regression Coeffi-
cients

Eventl Coefficients/Calculations I
T a b CF PR

1 6.7 3.8±1.4 6.2±1.4 1.6 1.4-1.81

2 10.9 -7.6±6.1 7.6±6.1 0.3 a

3 8.7 3.6±3.2 7.4±3.2 1.4 1.1-1.81

4 3.6 0.9±1.4 0.3±1.4 1.3 0.9-1.71

5 4.7 4.1±1.7 4.4±1.7 1.9 1.5-2.21

6 24. 11.1±4.3 17.4±4.3 1.5 1.3-1.61

7 11.9 -6.4±2.0 0.4±2.0 0.5 0.3-0.61

8 14.6 -5.4±4.8 2.3±4.8 0.6 0.3-1.0j

a = Insufficient data for calculation
CF = Correction Factor
PR = Probable Range

TABLE C-4. Remove/Replace M60A3 Transmission

Eventi Task

I1 Remove Shrouds

2 Remove Accessories

3 Remove Mounting Bolts

4 Separate

5 Replace Shrouds

6 Replace Accessories

7 Replace Mounting Bolts'

8 Replace Transmission
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TABLE C-5. Remove/replace M60A3 Transmission, Regression Coeffi-
cients

SEvent' Coefficients/Calculations
T a b CF PR

S1 3.1 0.2±0.5 0.3±0.5 1.1 0.9-1.21

2 10.9 1.9±2.1 5.6±2.1 1.2 1.0-1.21

I3 11.9 12.9±7.8 1.2±7.8 2.1 1.4-2.71

4 0.8 0.5±0.4 0.5±0.4 1.6 1.1-2.11

5 1.2 0.1±0.5 0.7±0.5 1.1 0.7-1.51

- 6 11.8 1.0±3.0 5.5±3.0 0.9 0.7-1.21
7 14.1 3.5±1.1 1.2±1.1 1.3 1.2-1.31

8 6.4 3.3±1.3 0.0±1.3 1.5 1.3-1.71

CF = Correction Factor
PR = Probable Range I

TABLE C-6. Remove/Replace M109 Breech Block
SEventi Task

1 1 Remove Damper IIII
2 Remove Firing MechanismI I
3 Remove Breech Block

-4 Replace SpindleI ,
5 Replace Breech

III 6 IReplace Firing Mechanism/Damper'
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TABLE C-7. Remove/Replace ir109 Breech Block

Factor' Event
1 2 3 4 5 6

T 2.5 0.7 1.4 1.1 2.7 1.1
10
a -0.8±2.4 -0.3±0.6 3.3±1.8 0.7±1.5 1.1±2.1 0.7±1.5

b 3.8±2.4 0.7±0.6 5.9±1.8 3.3±1.6 3.0±2.2 3.3±1.6

CF 0.7 0.6 3.4 1.6 1.4 1.9

PR 0.3-1.6 0.3-1.4 2.1-4.6 0.3-3.0 0.6-2.2 0.3-2.9
CF = Correction factor
PR = Probable range

TABLE C-8. M60A3 Tank Recovery
EventI Task

1 t Position M88 and Hook Tow Bar I
II I

2 I Open Grill Doors and Heat Shieldsl
I I

3 Disconnect Final DrivesII
4 Secure Doors and ShieldI _ _ I _ _ _ _ _ __ _ _ I

TABLE C-9. Recover a M60A3 Tank, Regression Coefficients

I Factorl Event 3I ____ 1 2 3 4

T 7.0 0.9 2.9 0.4

a 1.3±1.81 -0.1±0.51 -0.6±1.31 0.3±0.21

B 2.9±1.81 -0.5±0.51 5.0±1.31 -0.1±0.21

CF 1.2 0.9 0.8 1.8

PR 0.9-1.41 0.3-1.41 0.3-1.21 1.3-2.31

CF = Correction factor
PR = Probable range
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TABLE C-10. Repair M60 Machine Gun

Eventi Task

1 Remove and Disassemble Barrel Group
I I

2 Reassemble and Replace Barrel Group
I I

3 Remove and Disassemble Trigger Assemblyl
I I

4  Reassemble and Replace Trigger Assembly1

TABLE C-il. Repair M60 Machine Gun, Regression Coefficients

Event1 2 3 4 I

To 2.5 1.6 0.6 3.0

a -0.5±0.9 0.8±0.5 0.2±0.5 -0.1±0.91

B 2.8±1.1 1.6±0.6 1.9±0.6 I..8±1.11

CF 1.2 1.5 1.3 1.0
PR 0.8-1.6 1.2-1.8 0.5-2.2 0.7-1.31

1.
CF = Correction factor
PR = Probable range

TABLE C-12. Remove/Replace M901 ITV Traverse Mechanism

Eventi Task
U I

1 Remove Outer Gear,Snap Ring and Bevel Washer

2 Remove Gear

3 Reassemble Gears and Replace

4 Replace Outer Gear, Snap Ring and Bevel Washer
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TABLE C-13. Remove/Replace M901 ITV Traverse Mechanism

I FactorI Event
F 1 2 3 4

T 2.8 9.5 8.6 7.7

a 5.8±4.6 3.0±6.8 13.6±7.1 1.9±3.61

B 7.8±4.6 10.5±6.8 5.4±7.1 5.1±3.61

CF 3.1 1.3 2.6 1.3

PR 1.4-4.7 0.6-2.0 1.8-3.4 0.8-1.81

CF = Correction Factor
PR = Probable Range
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APPENDIX D

Multiple Linear Regression
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Multiple Linear Regression

Regression analyses are used to quantify the relationship
between variables where the value of one is affected by changes
in others. The typo of uniform worn and whether or not the event
was completed for the first time, either in BDU or MOPPIV, are
independent variables. A multiple linear regression allows a
dependent variable to be estimated by quantifying the relatinn-
ship to several independent variables. In this instance, time to
complete a task is the affected or dependent variable. Interac-
tions and variables not measured are reflected in the error term
and include such effects as team work and leadership. An esti-
mate of how well the regression estimates the dependent variable
is expressed by the multiple correlation coefficient. Analysis
then can be used to determine the effect of MOPPIV and the first
time effect on the total time to complete a task.

For troop performance studies the regression expression is
represented by:

T = T + a(x) + b(y) + e (D-l)

Where "T" (the dependent variable) is the total time in minutes
to complete a task, "T "' (the intercept) is the practiced, unen-
cumbered time, "x" (first independent variable) is the clothing

o type, "y" (second independent variable) is the order in which an
event was started and "e" is the error term. Because it is
assumed ý%iat the clothing contribution would be zero for wearing
BDUs "~x'• is represented by either a "0" or a "1." Likewise, if a
team was working an event for the first time "y" would be
assigned a "1" and if the team has completed the event before a
"0" would be assigned since no first time effect would be
present. The expression, without the error term, then becomes:

T = To + a + b (D-2)

Where "a" and "b" represent the correction in minutes for MOPPIV
and practiced factors, respectively. Therefore, a team complet-
ing an event for the first time in BDU is expressed as:

ST =T + b (D-3)

A team performing an event in BDU two or more times would be
represented as "T0 "1, (T =T ). By wearing MOPPIV this team would
add a clothing correction f r MOPPIV and be expressed as:

T =TO + a (D-4)

The event time for the same team completing the event for the
first time and wearing MOPPIV would be expressed as:

T = T0 + a + b (D-5)
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An example case will be replacing the shroud during the
removing/replacing of the M60A3 transmission, accomplished during
the Maintenance Evaluation completed under moderate temperatue.
All other tasks and events were likewise evaluated and are
included in the results.

Replacing the shroud includes the placement of the shroud on
the powerpack and the connection of the attachment bolts. The
data for evaluation are given in Table D-l, where team 1 replaced
the shroud twice with the first occurrence in BDU in 7.8 minutes
and the second occurrence in MOPPIV in 14.2 minutes. For this
example, the resulting regression coefficients in Table D-2, are
"Totthe practiced, unencumbered time, "a", the additional time
for 14OPPIV, plus or minus the standard deviation and "b", the
additional time needed if the event is done for the first time,
plus or minus the standard deviation. Thus, the expected time for
replacing the shroud is 5.8 minutes for a practiced unencumbered
team. An additional 3.8 minutes is added to the total if the
team was wearing MOPPIV, for an expected time of 9.6 minutes.
This additional MOPPIV time could be as much as 11.5 minutes
(9.6+1.9) or as little as 7.7 minutes (9.6-1.9). No correction
is required for the first time effect because, in this example,
the coefficient is negative (Table D-2). In other events this
first time correction is calculated the same as for the MOPPIV
effect.

TABLE D-1. Data Used in Example Regression

Team BDU MOPPIV E st Time

1 I 7.8 I 14.2 i BDU I
2 I 4.6 I 24.6* I MOPP i
3 I 5.8 I 10.2 I BDU i
4 I 6.4 i 7.4 I MOPP** I
5 I 3.6 6.3 MOPP I

* Data excluded due to the removal of I
items not associated with trial. i

** Team is practiced in both uniforms.J

TABLE D-2. Regression Coefficients for Example

Coefficients
0IT = 5.8

loI
a = 3.8±1.91

b = -0.5+2 01

The quotient resulting from "T /(T + a)" represents the
degradation for wearing MOPPIV. TRat is, the unencumbered prac-
ticed time "To" divided by the total time for MOPPIV "T + a."
Thus a team replacing the shroud in MOPPIV is degraded to 60
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percent of their practiced, unencumbered ability,
5.8/(5.8+3.8)=0.60 (Table D-3). In a similar calculation, the
degradation for doing the job for the first time results from the
quotient of "T /(T +b)." In this example no degradation was
determined for dSing the event for the first time. A team is
degraded to 0.63 if replacing the shroud for the first time and
in MOPPIV, where both MOPPIV and first time coefficients are
added in the denominator, i.e. "T /T +a+b." The quantity
"(T +a)/T " (which is the inverse of th• d~gradation factor) is
cal~ed t e MOPPIV Correction Factor. This factor when multiplied
by "T " gives the expected time to complete a task in MOPPIV.
Fez tRis example the correction factor is 1.66. A probable range
is determined by making the correction factor calculation using
plus or minus the standard deviation, given for each coefficient.
The estimated time for this event is then 5.8xi.66 or 9.6
minutes. The results give a real number estimate of the effect
of MOPPIV on this job performance (Table D-4).

TABLE D-3. Calculations for Example

Calculations I

T =5.8

T +a=9.6

T +b = 5.3

T +a+b = 9.1

T o/(T o +a) = 0.60

I (To+a)/T° = 1.661

To/(To +b) = 1.09

a/T° = 0.66j

TABLE D-4. Example Results

I Effect of Wearing MOPPIV on Replacing the Shroudi

- Degraded Effectiveness I 0.60

MOPPIV Correction Factorl 1.7
Probable Range 1.3-2.0 1
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